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Clinical Article 



Sagittal Sacropelvic Morphology and Balance 
in Patients with Sacroiliac Joint Pain Following 
Lumbar Fusion Surgery 

Dong-Young Cho, M.D., 1 Myung-Hoon Shin, M.D., 1 Jung-Woo Hur, M.D., 1 Kyeong-Sik Ryu, M.D., Ph.D., 1 Chun-Kun Park, M.D., Ph.D. 2 

Department of Neurosurgery, ' Seoul St. Maty s Hospital, The Catholic University of Korea, Seoul, Korea 
Department of Neurosurgery, 2 Spine and Joint Research Institute, Gangdong Teun Teun Hospital, Seoul, Korea 

Objective : To investigate the sagittal sacropelvic morphology and balance of the patients with SIJ pain following lumbar fusion. 
Methods : Among 452 patients who underwent posterior lumbar interbody fusion between June 2009 and January 201 3, patients with postopera- 
tive SIJ pain, being responded to SIJ block were enrolled. For a control group, patients matched for sex, age group, the number of fused level and fu- 
sion to sacrum were randomly selected. Patients were assessed radiologic parameters including lumbar lordosis, pelvic incidence (PI), pelvic tilt (FT) 
and sacral slope (SS). To evaluate the sagittal sacropelvic morphology and balance, the ratio of PT/PI, SS/PI and PT/SS were analyzed. 
Results : A total of 28 patients with SIJ pain and 56 patients without SIJ pain were assessed. Postoperatively, SIJ pain group showed significantly 
greater PT (p=0.02) than non-SIJ pain group. Postoperatively, PT/PI and SS/PI in SIJ pain group was significantly greater and smaller than those in 
non-SIJ pain group respectively (p=0.03, 0.02, respectively) except for PT/SS (p=0.05). SIJ pain group did not show significant postoperative 
changes of PT/PI and SS/PI (p=0,09 and 0.08, respectively) while non-SIJ pain group showed significantly decrease of PT/PI (p=0.00) and in- 
crease of SS/PI (p=0.00). 

Conclusion : This study presents different sagittal sacropelvic morphology and balance between the patients with/without SIJ pain following lumbar 
fusion surgery. The patients with SIJ pain showed retroversed pelvis and vertical sacrum while the patients without SIJ pain have similar morpholog- 
ic features with asymptomatic populations in the literature. 

Key Words : Sacroiliac joint pain ■ Lumbar fusion surgery ■ Sacropelvic morphology • Lumbopelvic parameters. 



INTRODUCTION 

Despite a careful selection of patients, the failure rates associat- 
ed with lumbar fusion surgery have been reported to range from 
5 to 30% 5 - 27) . Among the different sources of low back pain fol- 
lowing lumbar fusion surgery, the sacroiliac (SIJ) joint has been 
suggested as a possible source by several authors 10,11,12,271 . Maigne 
and Planchon 271 suggested three possible causes of SIJ pain fol- 
lowing lumbar fusion surgery : 1) mechanical load transfer on 
SIJ after fusion; 2) a consequence of bone graft harvesting in the 
iliac crest close the joint; and 3) the misdiagnosing of a sacroili- 
ac syndrome before fusion (i.e., the lumbar spine being fused 
erroneously). 

The adoption by humans of upright position resulted in the 



pelvis becoming a paramount structure within human motor 
apparatus. The pelvis forms the bond between the trunk and 
the posterior limbs by femoral head and can rotate around it 
(bicoxo-femoral axis). This rotatory ability of the pelvis around 
the femoral heads is one of mechanisms of regulation of sagittal 
balance. Because the position of lumbar spine, which is at- 
tached to the sacral plateau, is affected by the pelvic position 19 '. 

Recently, owing to their close relationship with the spine, many 
authors have raised the role of sacropelvic morphology and bal- 
ance in the pathogenesis of various spinal disorders including 
degenerative spondylolisthesis 3,281 , adult spinal deformity 14,171 
and adolescent idiopathic scoliosis 251 . However, as far as we 
know, there has been no study specifically describing the sacro- 
pelvic morphology and balance of the patients with SIJ pain fol- 
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lowing lumbar fusion surgery. 

This study aims to investigate the sagittal sacropelvic mor- 
phology and balance of the patients with SIJ pain following 
lumbar fusion surgery. 

MATERIALS AND METHODS 

Patient selection 

The approval of the institutional review board at our hospital 
was obtained for the current study. Between June 2009 and Jan- 
uary 2013, a total of 452 consecutive patients who underwent 
posterior lumbar interbody fusion (PLIF) at our institution 
were investigated. All cases of PLIF surgery were performed us- 
ing a PEEK cage packed with autologous bones obtained from 
lamina or spinous process and pedicle screws were inserted. 
There were no injury to SIJ and all procedures of PLIF were 
done by the same surgeon. 

Patients were included into SIJ pain group if their reported 
postoperative pain met following criteria 16,26 ' : pain begins with 
standing or sitting position after surgery and it differs from pre- 
operative one; unilateral or bilateral prevalence persistent pain 
which had compatible distribution with a sacroiliac joint (be- 
low the L5 spinous process, over the posterior aspect of one or 
both SIJs); with or without radiation to the posterior thigh or 
groin but not below the knee; with or without tenderness of the 
sacroiliac sulcus at palpation; and no evidence of lumbar cause 
(no breach of screw and no residual nerve root impingement 
on postoperative CT scan images. Then, for the patients whose 




Fig. 1. Lumbopelvic parameters. LL : lumbar lordosis, PI : pelvic inci- 
dence, PT : pelvic tilt, SS : sacral slope. 



symptoms were consistent with above mentioned criteria, a flu- 
oroscopically guided SIJ block was performed and after block, 
the patient with positive response was classified into SIJ pain 
group. A positive response was defined as characteristic pain 
reduction of 75% or greater for 1-4 hours following the SIJ 
block 22 '. All SIJ blocks were performed by two spine fellows and 
the procedures of SIJ block was performed as described in pre- 
viously report 311 . We excluded patients with clear nerve root 
compression sign (motor or sensory deficits), with proven os- 
teoarthritis of hip with clinical symptoms, with pain related to 
disc or facet origin, and with signs of sacroilitis (ankylosing 
spondylitis, reactive arthritis, or enteropathic arthritis). 

To compare the characteristics of sagittal sacropelvic mor- 
phology and balance between patients with SIJ pain and those 
without SIJ pain after PLIF, one of spine fellows who was not 
informed of current study participated in extracting a control 
group (non-SIJ pain group consisted of patients without post- 
operative SIJ pain). At first, he randomly selected the patients 
who were matched for sex, age group, the number of fused level 
and fusion to sacrum. The ratio of case to control was 1 to 2 
and we expected this frequency matching extraction would en- 
hance statistical power 6 '. 

Data collection and assessment 

Patient clinical data (including age, sex, diagnosis, BMD and 
BMI) was collected by chart review. Before and after operation, 
full-length lateral radiographs of the spine were taken. In the 
standing position, the patients were asked to stand straight but 
relaxed with elbows fully flexed, fists resting on the clavicles, 
and the knees fully extended as possible. Not knowing whether 
the patient belonged to SIJ pain or non-SIJ pain group, the oth- 
er spine fellow who was not involved in patient selection per- 
formed radiological assessment on a digital radiographic image 
displayed on a Picture Archiving and Communication system 
(PACS) terminal (Marosis 2003, Seoul, Korea). Measuring an- 
gles of radiological parameters was done by using an automated 
program of the PACS computer software system and addition- 
ally, data regarding levels of fusion and involvement of sacrum 
were also collected. 

Lumbopelvic parameters 

The lumbopelvic parameters including lumbar lordosis (LL), 
pelvic incidence (PI), pelvic tilt (PT) and sacral slope (SS), were 
assessed as reported by Duval-Beaupere et al. 9 ' on the standing 
radiographs. The angle of LL was measured from the inferior 
endplate of T 12 to the superior endplate of SI using the Cobb 
method. PI was defined as the angle formed by a line drawn be- 
tween the center of the femoral head and the sacral endplate. 
PT was defined as the angle formed by a line drawn from the 
midpoint of the sacral endplate to the center of the bicoxofemo- 
ral axis and a vertical and a vertical plumb line. SS was defined 
as the angle formed by a line drawn along the endplate of the 
sacrum and a horizontal reference line (Fig. 1). 
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Ratios among pelvic parameters 

In order to evaluated the sagittal sacropelvic morphology and 
balance, as advocated by Mac-Thiong et al. 23) , the ratio of PT to 
PI (PT/PI), SS to PI (SS/PI) and PT to SS (PT/SS) were calculat- 
ed and compared between SIJ pain and non-SIJ pain group. 

Statistical analysis 

For comparisons of categorical variables, Pearson's chi-square 
test was used and continuous variables were compared either us- 
ing Students t-test after verification of normal distribution by 
the Kolmogorov-Smirnov test or using the non-parametric 
Mann- Whitney U test. To compare the changes between before 
and after PLIF surgery, paired t-test or Wilcoxon signed rank 
test was used depending on result of normality test, p value less 
than 0.05 was regarded to be statistically significant. 

RESULTS 

Patient population 

Twenty-eight patients (10 males and 18 females) with postop- 
erative SIJ pain, being response to SIJ block, were enrolled in SIJ 
pain group. By frequency matching by the ratio of 1 to 2, fifty-six 
patients (20 males and 36 females) without postoperative SIJ pain 
were selected for non-SIJ pain group. Totally, 84 patients were en- 
rolled in this study. Table 1 shows the comparison of patients' 
clinical data between two groups. Patients in SIJ pain group were 
older and more osteoporotic than those in non-SIJ pain group 
however, they were statistically not significant (p=0.38 and 0.81, 
respectively) and the remaining BMI, number of fused level, in- 
volvement of sacrum, and diagnosis 
were similar as well (p=0.81, 0.92, 0.64, 
and 0.95, respectively). 



(p=0.02) than that of non-SIJ pain group and the remaining 
values of lumbopelvic parameters were similar. 

Ratios among pelvic parameters 

Table 3 shows the comparison of ratios among pelvic parame- 
ters in SIJ pain and non-SIJ pain group. Of the calculated ratios, 
preoperative PT/PI, SS/PI and PT/SS showed no significant dif- 
ferences between SIJ pain and non-SIJ pain group (p=0.52, 0.52 
and 0.28, respectively). However postoperatively, PT/PI and SS/ 
PI in SIJ pain group was significantly greater and smaller than 
those in non-SIJ pain group respectively (p=0.03, 0.02, respec- 
tively) except for PT/SS (p=0.05). 

SIJ pain group did not show significant postoperative changes 
of PT/PI and SS/PI (p=0.09 and 0.08, respectively) while non- 
SIJ pain group showed significantly decrease of PT/PI (p=0.00) 
and increase of SS/PI (p=0.00) postoperatively. In terms of PT/ 
SS, both SIJ pain and non-SIJ pain group showed significant 
decrease of the ratio (p=0.02 and 0.00, respectively). 

DISCUSSION 

This study demonstrated the differences of sagittal sacropel- 
vic morphology and balance between the patients with/ without 
SIJ pain following lumbar fusion surgery. Several reports 1,12,16,26 ' 
have discussed the etiology of SIJ pain following lumbar fusion 
surgery however, it is true that there lacks of postural analysis in 
terms of sagittal sacropelvic morphology and balance. In prior 
to this study, authors reported the differences of lumbopelvic 
parameters between the patients with/without SIJ pain follow- 

Table 1. Comparison of clinical data between SIJ pain and non-SIJ pain group after PLIF surgery 



Lumbopelvic parameters 

Table 2 shows the mean value of pre- 
and postoperative lumbopelvic param- 
eters in two groups. Preoperatively, 
there were no statistically significant 
differences between SIJ pain and non- 
SIJ pain group in terms of lumbopelvic 
parameters including LL, PI, PT and SS 
(p=0.58, 0.47, 0.44 and 0.83, respective- 
ly). However, postopertively, PT of SIJ 
pain group were significantly greater 





SIJ pain group 


Non-SIJ pain group 


P 


Number of patients 


28 


56 


NI 


Mean age (year) 


64.28±7.67 


62.31 ±7.99 


0.38 


BMD 


-1.4711.52 


-1.53±2.07 


0.81 


BMI (kg/m 2 ) 


26.31+4.12 


26.41+3.71 


0.46 


Number of fused level 


1.41±0.69 


1.42+0.71 


0.92 


Fusion/non-fusion to sacrum 


10/18 


20/36 


0.64 


Diagnosis 






0.95 


Spinal stenosis 


9 


21 




Degenerative spondylolisthesis 


8 


14 




Spondylolytic spondylolisthesis 


7 


14 




Lumbar degenerative kyphosis 


4 


7 





: not involved, PLIF : posterior lumbar interbody fusion 



Table 2. Comparison of lumboplevic parameters between SIJ pain and non-SIJ pain group 







Preoperative 






Postoperative 




Parameters (mm) 


SIJ pain group 


Non-SIJ pain group 


P 


SIJ pain group 


Non-SIJ pain group 


P 


LL 


37.97+14.49 


38.13+14.03 


0.58 


43.23+14.28 


46.14+10.28 


0.21 


PI 


56.94+13.02 


55.48+12.24 


0.47 


56.84+12.39 


55.52+11.78 


0.43 


PT 


23.10+10.92 


21.32+8.23 


0.44 


20.13+10.12 


15.23+8.21 


0.02* 


SS 


33.07+12.11 


34.71+7.95 


0.83 


36.75+8.23 


40.31+7.33 


0.10 



'Values are statistically significant. LL : lumbar lordosis, PI : pelvic incidence, PT : pelvic tilt, SS : sacral slope 



203 



J Korean Neurosurg Soc 54 September 201 3 



ing lumbar fusion surgery and pointed out the importance of 
restoring appropriate LL based on PI to prevent postoperative 
SIJ pain 321 . In current study, we tried to reveal the sagittal sacro- 
pelvic morphology and balance of patients with SIJ pain after 
lumbar fusion surgery by using the ratios among pelvic param- 
eters proposed by Mac-Thiong et al. 23) and discussed about the 
comparison with normative values in the literature. 

The sagittal sacropelvic morphology can be defined by PI and 
its two component, namely PT and SS 8) . PI is a morphological, 
individually constant parameter that did not depends on the 
orientation of the pelvis and the patients position, whereas the 
SS and PT are directly related to pelvic position 4 '. PI is strongly 
correlated to the SS (r=0.80) and lumbar lordosis (LL, r=0.60), 
and the LL is strongly correlated to the SS (r=0.86) 21) . Through 
these strong correlations, PI plays a central role in the determi- 
nation of pelvic orientation and sagittal curvature as a high PI 
necessitates a high LL. It is also known that, mathematically PI 
is the sum of PT and SS (PI=PT+SS) 21) . As PT increases, the SS 
decreases because the sacrum assumes a more vertical position 
about the femoral head axis namely, pelvic retroversion. Pelvic 
retroversion is a compensatory process to rebalance the spine 
and maintain upright posture in case of sagittal imbalance 2 '. In 
current study, both pre- and postoperative lumbopelvic param- 
eters including LL, PI and SS showed no statistically significant 
differences in SIJ pain and non-SIJ pain group. However, PT of 
SIJ pain group was significantly greater than that of SIJ pain 
group postoperatively, whereas this value was similar preopera- 

Table 3. Ratios of pelvic parameters between SUP and non-SIJP group 



SIJ pain group 



Non-SIJ pain group 



PT/PI 
Preoperative 
Postoperative 

P 
SS/PI 
Preop 
Postop 
P 

PT/SS 
Preop 
Postop 
P 



0.40±0.18 
0.36±0.15 
0.09 

0.58±0.18 
0.63±0.15 
0.08 

0.69±0.9 1 
0.54±0.60 
0.02* 



0.36±0.13 
0.25±0.12 
0.00* 

0.64±0.13 
0.74±0.12 
0.00* 

0.61±0.41 
0.37±0.21 
0.00* 



'Values are statistically significant. PI : pelvic incidence, PT : pelvic tilt, SS : sacral slope, Postop : postopera 
tively, Preop : preoperative 



tively. Lafage et al. 18 ', after prospective investigation on 125 pa- 
tients with spinal deformity, revealed increased PT was corre- 
lated with worsening health related quality of life (HRQOL). 
They explained this result as a compensatory mechanism of 
pelvis (increase PT, namely pelvic retroversion) to keep a bal- 
anced standing posture and insisted resetting the PT to normal 
values was important to restore ambulatory function. Schwab et 
al. 30 ' reported correlation analysis between radiographic spino- 
pelvic parameters and HRQOL revealed no significance in 
terms of coronal plane parameters and confirmed that pelvic 
position measured via PT correlated with HRQOL in adult de- 
formity. They also regarded high values of PT expressed com- 
pensatory pelvic retroversion for sagittal spinal malalignment. 

Compensatory increase in PT is considered as a part of the 
disease process. With retroversed pelvis, the femoral heads get 
forward and the sacrum and the spine get backward. This al- 
lows the C7 plumb line to be behind the vertical line passing 
through the center between the femoral heads and the gravity 
line. Although body is balanced, it is less economical because 
posterior back muscle should be strengthened to restore LL. 
This is an energy consuming process that becomes easily pain- 
ful and could be one of reason for back pain in the line with 
facet constraints and over loading 15 '. The findings in current 
study indicate that increased stress across SIJ articular surface 
by hip hyper-extension and a decrease in the anterior coverage 
of the hip caused by pelvic retroversion 181 are attributable to the 
development of SIJ pain following lumbar fusion surgery. 

Mac-Thiong et al. 231 investigated large 
cohort of 709 asymptomatic adult (354 
males and 355 females, mean age of 
36.8 years) who did not have spinal pa- 
thology and reported the ratios among 
pelvic parameters. In their study, they 
used the ratios of PT to PI (PT/PI), SS 
to PI (SS/PI) and PT to SS (PT/SS) in 
order to evaluate the relationships be- 
tween parameters of sagittal sacropelvic 
morphology and balance. They found 
PT/PI was less than 0.5 and SS/PI was 
more than 0.5, indicating that the PT 
value is normally at most half of the PI 
and the SS value is normally at least half 
of the PI in asymptomatic populations. 
Based on this result, they insisted the 



0.52 
0.03* 



0.52 
0.02* 



0.28 
0.05 



Table 4. Comparison of the studies ratios among pelvic parameters in normal populations in the literature 





Current Study (postoperative) 






Roussouly 
etal. 291 




Mac-Thiong 
etal. 23 ' 




Ratios 


SIJ pain group 


Non-SIJ pain 
group 


Lee et al. 201 


Vialleetal. 331 


Debarge et al. 7 ' 


Gangnet et al. 13 ' 


PT/PI 


0.36 


0.25 


0.24 


0.24 


0.23 


0.21 


0.24 


0.25 


SS/PI 


0.63 


0.74 


0.75 


0.75 


0.76 


0.78 


0.76 


0.75 


PT/SS 


0.54 


0.37 


0.31 


0.32 


0.30 


0.28 


0.35 


0.33 



PI : pelvic incidence, PT : pelvic tilt, SS : sacral slope 
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values outside those ranges could potentially predispose to the 
development of spinal pathology. In current study, pre- and 
post-operative PT/PI were less than 0.5 and SS/PI were more 
than 0.5 in both groups and we presumed this result is related 
with the fact that our data were not obtained from spinal de- 
formed patients but from patients with degenerative spinal dis- 
ease. However, comparison between SIJ pain and non-SIJ pain 
group showed significant differences of PT/PI and SS/PI. In SIJ 
pain group, postoperative PT/PI was greater and SS/PI was less- 
er than non-SIJ pain group. Moreover, in contrast to non-SIJ 
pain group, those values in SIJ pain group did not showed sig- 
nificant changes postoperatively. These data implicate that pa- 
tients with SIJ pain have more vertical sacrum (decreased SS) 
and more retroversed pelvis (increased PT) than patients with 
non-SIJ pain. This finding is accordant with that of Lazennec et 
als study. In their comparative study between 81 patients who 
underwent lumbosacral fusion pain and control group, they 
found PT was almost twice the normal value and sacrum was 
more vertical in post-fusion pain group. They insisted that 
achieving a strong fusion should not be the only goal and ap- 
propriate position of the fused vertebrae is also of paramount 
importance to minimize muscle work during posture mainte- 
nance. 

The changes of ratios of PT/PI and SS/PI indicate the changes 
of the sagittal sacropelvic morphology and balance. The pa- 
tients without SIJ pain showed postoperative significant de- 
crease and increase of PT/PI and SS/PI respectively while the 
patients with SIJ pain did not show significant differences. The 
possible explanation for this could be that lumbar fusion sur- 
gery failed to achieve the balanced sacropelvic morphology in 
SIJ pain group. Although specific factors related to surgical pro- 
cedure which bring out these differences could not be revealed 
in current study and we hope well designed investigation should 
be done in the future. Notably, the ratios of PT/SS were signifi- 
cantly decrease in both groups. The value of PI is fixed for a giv- 
en patient and as PT decreases, SS necessarily decreases thus, it 
is natural that the postoperative ratio of PT/SS decreases in both 
groups. However, we assume that the decrease of PT/SS could 
be the actual sign of occurrence of the sagittal sacropelvic re- 
alignment by lumbar fusion surgery, regardless of its clinical 
significance. 

So far, normative values of pelvic parameters have been re- 
ported by several authors 13,23,29 ' and previously published stud- 
ies have provided a basic understanding of the normative val- 
ues that these parameters should fall within. However, most of 
these data has been obtained not from Asian but from whites. 
Considering the fact that there exist somewhat differences in 
spine between Asian and Whites 20 ', it is more reasonable to use 
the calculated ratio rather than using absolute values for precise 
comparison. Table 4 shows ratios among pelvic parameters of 
asymptomatic populations, which was adopted from previously 
published data 7,20,2429,331 . The ratios of SIJ pain group was notably 
different from those of normal populations while the ratios of 



non-SIJ pain group was similar with those of normal popula- 
tions. This is because through the lumbar fusion surgery, sagit- 
tal sacropelvic morphology of non-SIJ pain group could become 
normal. On the contrary, the pelvis and sacrum of SIJ pain 
group were still abnormal postoperatively i.e., the pelvis was ret- 
roversed and the sacrum was vertical. We believe achieving a 
normal sagittal sacropelvic morphology and balance are impor- 
tant to avoid the development of SIJ pain following lumbar fu- 
sion surgery. 

The present study has several limitations including small sam- 
ple size and a retrospective case-control study rather than ran- 
domized controlled study. However, frequent matching extrac- 
tion by uninformed spine fellow and radiologic measurement 
by the other spine fellow without information of patients group 
could minimize the chances of bias. 

CONCLUSION 

This study demonstrated the different sagittal sacropelvic mor- 
phology and balance between the patients with/without SIJ pain 
following lumbar fusion surgery. The patients with SIJ pain 
showed retroversed pelvis and vertical sacrum compared with 
non-SIJ pain group. In addition, the patients without SIJ pain 
have similar sagittal sacropelvic morphology and balance with 
asymptomatic populations in the literature, while the patients 
with SIJ pain did not. The postoperative compensatory mecha- 
nism by sacropelvis and imbalance lead to great energy expen- 
diture and give birth to the SIJ pain following lumbar fusion 
surgery. 
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